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condition, a dry clutch device (A) is installed on the 
upstream side of transmission of the transmission 
mechanism as a corotation prevention mechanism, only 
the low speed hydraulic clutch (CL) of large capacity is 
used as an inching clutch to bring the main clutch into a 
partial engaged condition when the main clutch is 
moved to on or off in the transmission mechanism (B) 
▼T ; and, when the main clutch is operated from off to on 
^ with a shift lever (91) set at a high speed position, 
CO hydraulic pressure control is performed so that the high 
speed hydraulic clutch (CH) is brought into off condition 
and the low speed hydraulic clutch (CL) is brought into 
the partial engaged condition in the off range (D3) and 
O inching range (D2) of the main clutch, of a clutch pedal 
t_ (111), respectively. 
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Description 

Field of the Invention 

[0001] The present invention relates to a transmis- 5 
sion system using a wet type multi-plate clutch for shift- 
ing or as a main clutch, wherein the power train is 
adopted in working vehicles particularly such as tractors 
and the like. 

Related Art 

[0002] In working vehicles such as tractors and the 
like or ordinary vehicles, a dry type clutch to be pressed 
against a flywheel of an engine is generally used as a 
main clutch, which is engaged/disengaged between an 
engine and a shift mechanism and is half-clutched for 
generating inching during a transition period between 
states of engaging and disengaging. In many cases, a 
dry type multi-plate clutch is used so as to secure trans- 
mission torque while being engaged and frictional 
resistance while being half-clutched. However, since the 
multi-plate clutch is complex and axially elongated, if 
possible, a single-plate clutch being simple and com- 
pact is desired. 

[0003] In some cases, a wet type (hydraulic type) 
multi-plate clutch may be used as the above-mentioned 
main clutch. However, it has the problem that, while the 
clutch being disengaged, power is transmitted slightly 
due to the viscosity of lubricant oil therein so as to gen- 
erate a creep phenomenon. To protect this problem, it 
has been considered that a brake is provided in a power 
train located on the downstream of the wet type multi- 
plate clutch to brake the downstream power train, and 
actually this idea becomes known. When such a brake 
is operated, the downstream side of the clutch is iso- 
lated with power transmission, however, the power train 
on the upstream side of the clutch is still rotated follow- 
ing the engine power. Therefore, the load resulting from 
the viscosity of lubricant oil in the wet type multi-plate 
clutch is exerted on the power train on the upstream 
side of the clutch. The load is further put on the engine 
at idle, thereby causing incomplete combustion at worst 
so as to generate the problem that a carbon deposit is 
accumulated in an engine cylinder. 
[0004] Then, it is considerable that the creep phe- 
nomenon, i.e., a drag of shift mechanism and the like on 
the downstream side of the disengaged wet type multi- 
plate clutch resulting from the viscosity of lubricant oil of 
the wet type multi-plate clutch is prevented by using a 
conventional dry type clutch whose clutch disc is 
pressed against the flywheel on the upstream side of 
the wet type multi-plate clutch. In this case, the dry type 
clutch is disengaged to isolate only the dragging driving 
power train with transmission of engine power. There- 
fore, the dry type clutch can be constituted by a single- 
plate type clutch, which is simple and compact. This 
clutch is detached from the flywheel to be disengaged, 



thereby greatly reducing load on the engine at idle so as 
to effect an engine protection. 

[0005] Further, conventionally, there is a well- 
known working vehicle particularly such as a tractor or 
the like, which is provided with a shift mechanism 
including a plurality of parallel power trains with different 
reduction ratios, wherein the power trains are provided 
with respective wet type multi-plate clutches. In these 
shift mechanisms, there is a well-known shift mecha- 
nism in which one of the plurality of wet type clutches is 
selectively engaged and one corresponding speed 
stage is formed through the power train having the 
engaged clutch. These wet type multi-plate clutches for 
shifting are, as they are, used also as a main clutch 
when all the wet type multi-type clutches are disen- 
gaged so as to isolate the transmission system with 
transmission of engine power. In this case, it is not 
unnecessary to provide the foregoing wet type multi- 
plate clutch as a main clutch separately. In this case, the 
foregoing detriment of the drag inherent to a wet type 
multi-plate clutch can be dissolved by providing a drag- 
preventing clutch such as a dry type single-plate clutch 
which is arranged on the upstream side of the shift 
mechanism as described above and pressed against 
the flywheel. Also, therefore, a simple and compact 
transmission system can be configured. 
[0006] However, when the wet type multi-plate 
clutches used for shifting is diverted to a main clutch as 
they are, each wet type multi-plate clutch possibly come 
to be half-clutched because a shift operation (operation 
selecting speed stages) and a main clutch operation are 
performed separately from each other. To generate a 
state of half-clutch, each clutch is required to have the 
larger volume to secure the durability against a load. 
However, the whole size of shift mechanism becomes 
significantly large if all the wet type multi-plate clutches 
used in the shift mechanism have so large volume. 
Then, it is thought of that only one wet type multi-plate 
clutch in the shift mechanism has a sufficiently larger 
volume and a speed stage corresponding to this clutch 
is selected for the main clutch operation. However, it is 
too burdensome to be required for such a shift operation 
in every main clutch operation. 
[0007] Furthermore, there is the problem associ- 
ated with the shift operation in such a shift mechanism 
comprising a plurality of wet type multi-plate clutches 
that, during the shifting, the fluctuation of hydraulic pres- 
sure arises necessarily because the shifting is attended 
with such a control that hydraulic oil is drained from the 
clutch previously supplied with the hydraulic oil and the 
hydraulic oil is supplied to another clutch. When the 
drainage of hydraulic oil from the clutch and the supply 
to the other clutch is performed rapidly or the timings of 
the drainage and the supply are apart, the fluctuation 
becomes rapid and impact is developed. 
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Disclosure of the Invention 

[0008] A first object of the present invention is to 
provide a transmission system for a vehicle, wherein, 
while a wet type multi-plate clutch having high transmis- 5 
sion torque and high frictional resistance during its half- 
clutching is used as a main clutch, a creep phenomenon 
does not occur when the transmission system is iso- 
lated with transmission of engine power and the power 
trains thereof may be secured to be compact. w 
[0009] According to a vehicle transmission system 
of the present invention, a plurality of wet type multi- 
plate clutches for shifting, among which one clutch is 
selectively engaged to form one speed stage, is utilized 
as a main clutch. All the wet type multi-plate clutches for 75 
shifting are disengaged when the transmission system 
is isolated with transmission of engine power. Further- 
more, a dry type single-plate clutch is provided as a 
drag-preventing mechanism on the upstream side of the 
shift mechanism in the transmission system. The dry 20 
type single-plate clutch is disengaged when all the wet 
type multi-plate clutches for shifting are disengaged. 
[0010] One wet type multi-plate clutch to be half- 
clutched for generating inching during a transition 
period of a main clutch between its disengaging and 25 
engaging is specified among the plurality of wet type 
multi-plate clutches for shifting. Only the specified 
clutch has the largest volume so as to resist against fre- 
quent use, thereby securing the whole shift mechanism 
to be compact. A clutch corresponding to the lowest 30 
speed stage in the shift mechanism is used as the 
clutch for inching. 

[0011] In this structure, the vehicle transmission 
system is hydraulically controlled so that, when the 
main clutch operation is performed while one speed 35 
stage corresponding to one wet type multi-plate clutch 
other than the clutch for inching is determined, only the 
clutch for inching is half-clutched in the shift mechanism 
in a transition period between clutching-on and clutch- 
ing-off during the main clutch operation regardless of 40 
the determined speed stage. Therefore, the selected 
clutch for shifting other than the clutch for inching is pre- 
vented from being half -clutched. 
[0012] The plurality of wet type clutches for shifting 
in the shift mechanism are engaged with the supply of 45 
hydraulic oil and disengaged with the drainage of 
hydraulic oil. 

[0013] The drag-preventing clutch apparatus is dis- 
engaged and completes engaging while the plurality of 
wet type clutches play up to a rise of minimum hydraulic so 
fluid pressure therein. In this regard, the drag-prevent- 
ing clutch apparatus is half-clutched when the wet type 
clutches play, thereby reducing friction load generated 
thereon during its half-clutching so as to secure the 
durability of the drag-preventing clutch apparatus. Also, 55 
the main clutch operation between its clutch-on and 
clutch-off states is performed smoothly. 
[0014] The drag-preventing clutch apparatus "and 



the shift mechanism are contained in one housing so as 
to configure a compact portion of the vehicle transmis- 
sion system for both main-clutching and shifting. Fur- 
ther, by locating an actuator for the drag-preventing 
clutch apparatus above the outside of the housing, the 
housing becomes compact and it becomes easy to 
assemble and maintain the actuator and a link mecha- 
nism between the actuator and the drag -preventing 
clutch apparatus. 

[0015] Furthermore, the actuator for the drag-pre- 
venting clutch apparatus is hydraulically controlled, 
whereby the hydraulic oil, which is an operating power 
source of the wet type multi-plate clutches for shifting, 
may be used also as an operating power source of the 
actuator. Further, by incorporating control means for 
supplying and drainage the hydraulic oil in a hydraulic 
control mechanism of the wet type multi-plate clutches, 
a hydraulic oil circuit for the actuator may be easily con- 
figured to be compact in association with the hydraulic 
control mechanism for shifting. 
[0016] Main clutch operation means for switching 
transmission and isolation of engine power to and from 
said power train, respectively, is provided. The full range 
of stroke of the main clutch operation means is divided 
into a main-clutch-on range where one of the wet type 
clutches for shifting corresponding to a determined 
speed stage is selectively engaged, an inching range 
where the clutch for inching is half -clutched, and a 
main -clutch-off range where all the wet type clutches for 
shifting are disengaged. The drag-preventing clutch 
apparatus is disengaged and completes engaging while 
the main clutch operation means is located in the main- 
clutch-off range. The engaging hydraulic pressure of the 
clutch for inching increases as the stroke of the main 
clutch operation means within the inching range is var- 
ied from the main -clutch- off range towards the main- 
clutch-on range. 

[0017] In such a structure, an oil path switching 
valve is provided as one of hydraulic control devices 
controlling a flow path of hydraulic oii for each wet type 
clutch for shifting of the shift mechanism, in the case 
that one wet type clutch to be selected from the wet type 
clutches and engaged based on a determined speed 
range setting of the shift mechanism is a clutch other, 
than the clutch for inching, when the main clutch opera- 
tion means is located in either the main-clutch-off range 
and the inching range, the oil path switching valve con- 
nects a supply path of hydraulic oil to the clutch for inch- 
ing, and connects a drain oil path to the wet type clutch 
for shifting selected from the wet type clutches based on 
the determined speed stage, which should be engaged 
essentially. BY such a structure of hydraulic control, 
while a speed stage corresponding to one wet type 
clutch other than the clutch for inching Is determined, it 
is not required to shift to the speed stage corresponding 
to the clutch for inching once during the main clutch 
operation. The clutch for inching is automatically half- 
clutched and the other wet type clutches is disengaged 
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during a transition of a main clutch between its engag- 
ing and disengaging states. Accordingly, it is possible to 
provide a main clutch mechanism which generates a 
state of half-clutch in only the specific clutch for inching 
without a burdensome operation. 
[0018] The oil path switching valve is made of an 
electromagnetic solenoid which is switched based on 
the detection of a position of shift operation means for 
determining a speed stage of the shift mechanism and 
on the detection of a position of the main clutch opera- 
tion means. Therefore, the hydraulic control for making 
the clutch for inching half-clutched may be performed at 
the appropriate times by electric power through simple 
configuration. 

[0019] Further, a border between the inching range 
and the main-clutch-on range in the main clutch opera- 
tion means may be set to the stroke position where the 
clutch-engaging hydraulic pressure reaches the maxi- 
mum hydraulic pressure. Alternatively, it may be set to 
the stroke position where the clutch-engaging hydraulic 
pressure is less than the maximum hydraulic pressure. 
[0020] According to the former case, the clutch for 
inching with a large volume, which is resistant against 
frequent use as described above can be used in a 
whole operating range thereof from a rise of hydraulic 
oil pressure up to the maximum pressure, thereby 
se... ng its durability in frequent inching. However, in 
thte netting of the border, on starting of the vehicle with 
the main clutch disengaged while a clutch for shifting 
other than the clutch for inching is engaged, the clutch 
for inching is completely engaged, and then, an 
exchange of hydraulic pressure takes place between 
the clutch for inching and the clutch for shifting corre- 
sponding to the determined speed stage. Therefore, 
dus the main clutch operation, another speed stage 
is fc r.ed as if a shifting operation is performed after the 
spe*d stage corresponding to the clutch for inching is 
generated, whereby fluctuations of hydraulic pressure is 
large. 

[0021] On the other hand, in the latter case, though 
a volume of the clutch for inching is not utilized at maxi- 
mum as an inching application, when a vehicle starting 
from the main clutch disengaged with a speed range 
corresponding to a wet type clutch other than the clutch 
for inching determined, hydraulic pressure does not 
fluctuate so much and it is possible to transit smoothly 
from the main-clutch-off state to the determined speed 
stage set because hydraulic pressure of the wet type 
ciutch corresponding to the determined speed stage 
rises before the clutch for inching reaches the maximum 
hyaraulic pressure. 

[00:-i2] Further, a border between the main-clutch- 
off range and the inching range is set to the stroke posi- 
tion of the main clutch operation means, where the min- 
imum engaging hydraulic pressure required for the 
clutch for inching rises. In the main-clutch-off range, all 
the wet type clutches for shifting play till the minimum 
hydraulic pressure rises in each of the wet type 



clutches. Accordingly, the drag-preventing clutch appa- 
ratus is completely engaged in inching as described 
above, thereby securing durability of the drag-prevent- 
ing clutch apparatus. Also, the transition from the main- 
5 clutch-off range the inching range becomes smooth so 
that a spontaneous main clutch operation may be 
attained. 

[0023] A second object of the present invention is to 
configure a vehicle transmission system including a 

to shift mechanism having a plurality of wet type clutches 
for shifting among which one clutch is selectively 
engaged to form one speed range, wherein intensive 
fluctuations of hydraulic pressure associated with the 
switch of speed stage is not generated so as to estab- 

15 lish a smooth shifting. 

[0024] To achieve this object, according to the 
present invention, in a shift control mechanism control- 
ling the flow of hydraulic oil for controlling engage- 
ment/disengagement of each wet type clutch for 

20 shifting, a throttling mechanism is provided in an oil path 
which is connected to each wet type clutch and allows 
hydraulic oil to flow therethrough when the wet type 
clutch is disengaged. Therefore, the hydraulic pressure 
fluctuates gradually when the wet type clutch for shifting 

25 which has been engaged before the switching of speed 
stage is disengaged. 

[0025] In addition to this, a delay relief valve is pro- 
vided to delay a hydraulic pressure rise in an oil path 
which communicates hydraulic oil to the wet type clutch 

30 for shifting selectively engaged after switching. There- 
fore, the hydraulic oil pressure of both the wet type 
clutch for shifting to be disengaged and the wet type 
clutch for shifting to be engaged in association with a 
shift operation fluctuates gradually and the state of half- 

35 clutch is emerged during the transition period in shifting. 
Accordingly, it is possible to provide a favorable shift 
mechanism without an impact resulting from fluctua- 
tions of hydraulic pressure associated with shifting while 
using wet type clutches. 

40 [0026] These and other objects, structures and 
effects of the invention will appear in the following 
detailed description based on the accompanying draw- 
ing. 



45 Brief Description of the Drawings 
[0027] 

Figure 1 is a side view of a tractor adopting a trans- 
so mission system in accordance with the invention; 

Figure 2 is a sectional side view of a clutch housing 
1 incorporated with a dry type clutch apparatus A 
and a shift mechanism B; 

Figure 3 Is a front view in section showing a front 
55 structure of a bulkhead 1 4 of housing 1 ; 

Figure 4 is a sectional side view of a low-speed 
hydraulic clutch CL; 

Figure 5 is a sectional side view of a high-speed 
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hydraulic clutch CH; 
Figure 6 is a hydraulic oil circuit diagram in a 
hydraulic pressure control valve apparatus 83 when 
the shift mechanism is set to a low speed stage in 
the main clutch engaging; 5 
Figure 7 is a hydraulic oil circuit diagram as well 
when the shift mechanism is set to a high speed 
stage in the main clutch engaging; 
Figure 8 is a hydraulic oil circuit diagram as well 
when a main clutch is brought to a state of half- 10 
clutch under a high speed setting; 
Figure 9 is a graph showing fluctuations of hydraulic 
pressure of hydraulic clutches CL and CH for shift- 
ing in association with the actuation of a DRV 48 
when switching from a high speed stage to a low 15 
speed stage using the hydraulic oil circuit illustrated 
in Figure 6; 

Figure 10 is a hydraulic oil circuit diagram in a 
hydraulic pressure control valve apparatus 83 using 
a shift control valve 42' in place of a shift control 20 
valve 42, which does not actuate DRV 48 in shifting; 
Figure 1 1 is a graph showing fluctuations of hydrau- 
lic pressure of hydraulic clutches CL and CH for 
shifting when switching from a high speed stage to 
a low speed stage using the hydraulic oil circuit 25 
illustrated in Figure 10; 

Figure 12 is a partially sectional side view showing 
a structure associated with a shift lever 91 , a clutch 
pedal 111, a hydraulic cylinder 81 for operating a 
dry type clutch, hydraulic pressure control valve 30 
apparatus 83 and clutch housing 1 ; 
Figure 13 is a side view showing a structure of 
switches for the detection of clutch pedal 1 1 1 and a 
position thereof; 

Figure 1 4 is a sectional side view of hydraulic pres- 35 
sure control valve apparatus 83; 
Figure 15 is a sectional side view of hydraulic pres- 
sure control valve apparatus 83 on the opposite 
side; 

Figure 1 6 is a sectional side view of slow return 40 
check valves 47 for both hydraulic clutches CL and 
CH for shifting provided in hydraulic pressure con- 
trol valve apparatus 83; 

Figure 17 is a sectional side view of one of slow 
return check valves 47; 45 
Figure 1 8 is a plan view of one of slow return check 
valves 47; 

Figure 19 is a table including pictorial clutch pedals 
1 1 1 showing a relation among three stroke ranges 
of clutch pedal 111, states of on/off of position- 50 
detecting switches 1 15 and 1 16; 
Figure 20 is a graph indicating a correlation 
between the engaging hydraulic pressure of low- 
speed hydraulic clutch CL as a clutch for inching 
and the rotational angle of clutch pedal 111, 55 
wherein a border between an inching range and a 
main-clutch-on range is set to the rotational angle 
where the engaging hydraulic pressure reaches a 
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maximum pressure; and 

Figure 21 is a similar graph indicating a correlation, 
wherein a border between the inching range and 
the main-clutch-on range is set to the rotational 
angle where engaging hydraulic pressure is less 
than the maximum pressure. 

Description of the Preferred Embodiments 

[0028] At first, there is described the overall config- 
uration of a working vehicle having a cabin in accord- 
ance with the present invention according to Figure 1. A 
bonnet 4 is located over the front portion of a main vehi- 
cle body suspending front wheels 2 and rear wheels 3 
on its front and rear portions. An engine 5 is incorpo- 
rated within bonnet 4. A steering wheel 6 is provided to 
rearward of bonnet 4 and a seat 7 is located to rearward 
of steering wheel 6. 

[0029] Steering wheel 6 and seat 7 are covered 
with a cabin 8. A clutch housing 1 , a transmission hous- 
ing 201 and a rear axle housing 202 are located consec- 
utively backward from the rear end of engine 5. 
[0030] Output of engine 5 is separated to two trans- 
mission systems, a PTO transmission system and a 
driving transmission system in clutch housing 1. In 
clutch housing 1 , a dry type clutch apparatus A as a 
drag- preventing mechanism and a shift mechanism B 
with two speed stages of high and low are formed in tan- 
dem on the driving power train. For function as a main 
clutch mechanism, dry type clutch apparatus A is used 
and hydraulic clutches CL and CH in shift mechanism B 
are also used together with dry type clutch apparatus A. 
The driving transmission system configures a shift 
mechanism, not sown, in transmission housing 201 and 
a transmission mechanism such as a differential and 
the like, not shown, in rear axle housing 202, and finally 
reaches rear wheels 3 as drive wheels. The PTO power 
train is configured to pass through transmission housing 
201 and rear axle housing 202 and finally leads to a 
PTO shaft, not sown, projecting backward from a rear 
end of rear axle housing 202. 

[0031] Usually, the shift mechanism, not shown, 
located in transmission housing 201 is referred to as a 
main shift mechanism, and shift mechanism B with two 
speed stages of high and low in clutch housing 1 config- 
ured upstream of the input portion of the main shift 
mechanism as mentioned above is referred as a sub 
shift mechanism. However, in the following description, 
the mechanism B for shifting with two speed stages of 
high and low in clutch housing 1 is referred as a shift 
mechanism since the shift mechanism in transmission 
housing 201 is not referred. Therefore, a term "shift" 
indicates the shift using this shift mechanism B. 
[0032] Then, an internal structure of clutch housing 
1 will be described referring to Figures 2 to 5. 
[0033] A front portion of clutch housing 1 is 
attached fixedly to the engine and a rear portion thereof 
is attached fixedly to transmission housing 201. The 
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inside of housing 1 is divided into a front chamber 1F 
and a rear chamber 1 R by a bulkhead 14. 
[0034] A mechanical structure in front chamber 1F 
of the clutch housing 1 is described. A flywheel 28 
attached fixedly to a rear end of a crankshaft of engine 5 
5 is located at a front-end part of front chamber 1 F. A tip 
of a PTO clutch front shaft 9 located in the axial direc- 
tion in clutch housing 1 is supported with a ball bearing 
28a at the center of flywheel 28. A peripheral portion of 
PTO clutch front shaft 9 is connected to flywheel 28 w 
through the medium of a damper 54 as a shock absorp- 
tion element. Therefore, PTO clutch front shaft 9 is 
rotated substantially in unified form with flywheel 28. 
Accordingly, PTO clutch front shaft 9 is always rotated 
as far as engine 5 drives. 15 
[0035] In addition, a PTO clutch rear shaft 12 is 
supported in the axial direction coaxial to PTO clutch 
front shaft 9 in transmission housing 201. As illustrated 
in Figures 2 to 4, a front end of PTO clutch rear shaft 12 
is inserted into rear chamber 1 R of clutch housing 1 . In 20 
rear chamber 1 R, a tubiform coupling 62 is fit fixedly into 
a rear end of a driving clutch shaft 10 through the 
medium of a needle bearing 63. The rear end of PTO 
clutch front shaft 9 from forward and the front end of 
PTO clutch rear shaft 1 2 from backward are respectively 25 
inserted fixedly into coupling 62 so that PTO clutch front 
shaft 9 is connected to PTO clutch rear shaft 1 2 in a sin- 
gle bar form. 

[0036] PTO clutch rear shaft 1 2 is further extended 
backward and connected to a PTO shaft, not shown, or 30 
connected to a transmission shaft interlocking with the 
PTO shaft through the medium of a hydraulic or other 
type PTO clutch in axle housing 202. At the moment 
when the PTO clutch is engaged so as to integrate PTO 
clutch front shaft 9 to the PTO shaft, damper 54 delays 35 
the rotation of PTO clutch front shaft 9 a little relative to 
the rotation of flywheel 28. After a while, the rotation 
speed of PTO clutch front shaft 9 reaches that of fly- 
wheel 28. Hence, the shock in engaging of the PTO 
clutch is damped. 40 
[0037] Tubiform driving clutch shaft 10 is attached 
relatively rotatably around the outer surface of PTO 
clutch front shaft 9. An intermediate portion of driving 
clutch shaft 10 passes through a first bearing boss 14a 
of bulkhead 14 and supported with a ball bearing 60 45 
located in first bearing boss 14a. In front chamber 1F, a 
front face of ball bearing 60 is covered by a bearing cap 

19 attached fixedly to a front face of first bearing boss 
14a. 

[0038] In front chamber 1 F is configured dry type so 
single-plate clutch apparatus A (dry type clutch A) as a 
drag-preventing mechanism of the driving power train. 
This apparatus will be described. The front portion of 
bearing cap 19 is formed into a sleeve relatively rotata- 
bly fit onto driving clutch shaft 1 0. A slider 1 8 supported 55 
with a release bearing 20 is attached around the sleeve 
loosely so that the sleeve together with release bearing 

20 can slide freely back and forth on slider 18. 



[0039] On the other hand, in front chamber 1F are 
located an intermediate seat 29 fixed to the rear end of 
flywheel 28, and a single clutch disc 50 which can be 
pressed against the rear surface of intermediate seat 
29. Clutch disc 50 is connected to driving clutch shaft 10 
through the medium of a damper 53 as a shock absorp- 
tion element. Therefore, driving clutch shaft 10 is 
rotated substantially in a unified form with flywheel 28 
through the medium of clutch disc 50 and damper 53. 
[0040] Dry type clutch apparatus A for preventing a 
drag may be replaced with a positive clutch such as a 
jaw clutch, a tooth clutch or a gear clutch. Also, It may 
be replaced with a dry type multi-plate clutch as a fric- 
tion clutch, a multi-plate clutch, a cone clutch, a drum 
clutch, a wrap spring clutch, a centrifugal clutch or the 
like. A combination of such a clutch with a spring or a 
shock absorber may be used. 

[0041] A clutch such as dry type clutch A having 
clutch disc 50 to be pressed against flywheel 28 is basi- 
cally used as a main clutch to switch transmission/isola- 
tion of engine power to/from the driving power train. In 
this embodiment, dry type clutch A is also used finally 
for this purpose as well. However, in this embodiment, 
as described hereinafter, both shifting hydraulic 
clutches CL and CH being wet type multi-plate clutches 
are additionally used as a main clutch. Both clutches CL 
and CH for shifting are disengaged so as to isolate the 
driving power train with the transmission of engine 
power. With regard to inching for avoiding a rapid start- 
ing, low-speed hydraulic clutch CL, which has a large 
volume so as to endure frequent use, is brought into a 
state of a half clutch. However, even when both hydrau- 
lic clutches CL and CH are disengaged, the driving 
power train downstream from their secondary sides is 
rotated so as to follow the engine revolution (a drag is 
generated) due to the viscosity of lubricant oil in hydrau- 
lic clutches CL and CH, thereby generating a so-called 
creep phenomenon. 

[0042] For the purpose of preventing the creep phe- 
nomenon, it may be considerable that a brake is pro- 
vided on the driving power train in transmission housing 
201 and rear axle housing 202. However, in this case, 
while the driving power train downstream of the second- 
ary side of shift mechanism B in clutch housing 1 can be 
braked, a portion up to driving clutch shaft 10 is still 
input with the engine power. Therefore, a corresponding 
load is put on the engine at idle. This is the reason why 
the clutch mechanism preventing a drag is provided 
between flywheel 28 and driving clutch shaft 10. While 
both hydraulic clutches CL and CH are disengaged, the 
drag-preventing clutch mechanism is disengaged so as 
to isolate driving clutch shaft 10 as an input portion of 
shift mechanism B from flywheel 28 as an engine output 
portion. 

[0043] The drag-preventing clutch mechanism, 
which is disengaged by isolating only driving clutch 
shaft 10 from flywheel 28, requires less frictional resist- 
ance in its switching because driving clutch shaft 10, 
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while being integrated to a gear 105 and a hydraulic 
clutch casing 1 05 as discussed later, is almost free from 
the driving power train downstream of the secondary 
side of shift mechanism B in transmission housing 201 
and rear axle housing 202. Accordingly, for constituting 
a clutch for preventing a drag (the drag-preventing 
clutch mechanism), though a variety of configurations 
may be thought of as described above, simple and com- 
pact dry type single-plate clutch apparatus A with low 
cost is adopted in this embodiment. 
[0044] In the embodiment, without providing a wet 
type multi-plate clutch newly as a main clutch, the plu- 
rality of wet type multi-plate clutches (hydraulic 
clutches) used for shifting are used also as a main 
clutch to isolate a transmission of a engine power from 
the driving power train. One clutch with a large volume 
among these wet type clutches is used for generating 
inching. Therefore, the clutch being pressed against a 
flywheel, which is essentially used as a main clutch, 
comes to be used only for preventing a drag so that it 
may be simple and compact in structure such as a dry 
type single-plate clutch. Consequently, clutch housing 1 
and its inside structure may have a simple and compact 
configuration. For example, the axial length of clutch 
housing 1 may be reduced in comparison with a con- 
ventional structure using a dry type multi-plate clutch to 
be pressed against a flywheel as a main clutch. 
[0045] In a tractor illustrated in Figure 1, as 
described later, a clutch pedal 11 1 as illustrated in Fig- 
ure 12 is located below steering wheel 6 so as to serve 
as means for operating the main clutch. A hydraulic cyl- 
inder 81 whose piston rod is extended according as 
clutch pedal 111 is pressed is located above clutch 
housing 1 . A clutch rod 15 is lengthened approximately 
downward from the front end of the piston rod of hydrau- 
lic cylinder 81 and downwardly inserted into front cham- 
ber 1 F of clutch housing 1 . The bottom end of rod 1 5 is 
pivotally coupled to one end of a bell crank 16 provided 
rotatably around a pivotal shaft 17 in front chamber 1F. 
The other end of bell crank 16 is pivotally coupled to a 
slider 18. A plurality of release levers 30 are pivotally 
supported by a clutch cover 51 integrated with flywheel 
28 and intermediate seat 29. The outer end portion of 
release lever 30 outside of the pivotal portion thereof 
onto clutch cover 51 is pivotally connected to a pressure 
plate 52. The inner end portion of release lever 30 is 
biased by spring force so as to be pressed against 
release bearing 20. 

[0046] In such a structure, while clutch pedal 111 
illustrated in Figure 12 is not pressed, the piston rod of 
hydraulic cylinder 81 is retracted so that release bearing 
20 is positioned at the location expressed by a solid line 
in Figure 2. Pressure plate 52 presses clutch disc 50 
against intermediate seat 29 through being applied with 
a force forwards by release lever 30. Therefore, clutch 
disc 50 is rotated in a unified form with flywheel 28 by 
power of engine 5 so that the engine power is inputted 
into driving clutch shaft 1 0 which is rotated substantially 



in a unified form with clutch disc 50. 
[0047] When clutch pedal 1 1 1 is pressed, the piston 
rod of hydraulic cylinder 81 is extended downward so as 
to move clutch rod 15 downward. The end of bell crank 

5 1 6 coupled to slider 1 8 is rotated forward so that slider 
1 8 and release bearing 20 are slid forward, whereby the 
front ends of slider 1 8 and release bearing 20 is posi- 
tioned at the location expressed by a phantom line in 
Figure 2. Release lever 30 is rotated as indicated by a 

10 phantom line and pressure plate 52 is slid backward. 
Therefore, the pressing of clutch disc 50 against inter- 
mediate seat 29 by pressure plate 52 is released, the 
rotation of flywheel 28 and intermediate seat 29 by the 
engine power is not transferred to clutch disc 50 and 

15 driving clutch shaft 1 0. 

[0048] Incidentally, at the moment when dry type 
clutch apparatus A is engaged (the moment when 
clutch disc 50 is pressed against intermediate seat 29), 
the impact in its engaging is damped because the rota- 

20 tion of driving clutch shaft 1 0 rises to the same speed as 
that of flywheel 28 and intermediate seat 29 after a time 
lag by a function of damper 53. 

[0049] Further, since rotation of the driving train and 
the PTO train do not change rapidly through function of 

25 dampers 53 and 54 while an engine revolution fluctu- 
ates rapidly, attrition of parts in each driving train may 
be avoided. On the contrary, even when rotation of drive 
wheels 3 or the PTO shaft is lowered rapidly due to load 
developed therein during driving, the same dampers 53 

30 and 54 prevent that the load is put on the output shaft of 
engine 5 rapidly so as to hasten the attrition of engine 5. 
[0050] In rear chamber 1 R of the clutch housing 1 is 
configured shift mechanism B provided in parallel with a 
low speed power train in which low-speed hydraulic 

35 clutch CL is interposed and a high speed power train in 
which high-speed hydraulic clutch CH is interposed. 
[0051] At first, the low speed power train is 
described. As illustrated in Figures 2 and 4, a gear 101 
is attached fixedly around driving clutch shaft 10 

40 attached relatively rotatably around PTO clutch shaft 9 
through the medium of a key. For configuring low-speed 
hydraulic clutch CL, a hydraulic clutch casing 105 like a 
drum, which has an open rear end and is formed on its 
inner periphery with inner splines in the axial direction 

45 thereof, is attached fixedly onto gear 101 through the 
medium of a key. 

[0052] On the other hand, a tubiform driving power 
train shaft 13 is attached relatively rotatably around 
PTO clutch rear shaft 12 posterior to the rear end of 

so driving clutch shaft 1 0, thereby serving as an input shaft 
of the driving train shift mechanism located in transmis- 
sion housing 201 . A gear 1 04 is attached fixedly around 
driving power train shaft 13 through the medium of 
spline. Further, a bearing case 64 for covering PTO 

55 clutch rear shaft 12 and driving power train shaft 13 is 
attached fixedly onto the rear end of clutch housing 1 so 
as to be fit into rear chamber 1 R. The rear end of gear 
104 is supported by a ball bearing 64a located at the 



7 



13 



EP 1 090 798 A1 



14 



inner periphery of the front end of bearing case 64. 
When low-speed hydraulic clutch CL is engaged, gear 

104 is rotated in a unified form with gear 101 so as to 
establish a low speed power train with a gear ratio of 
1:1. 

[0053] Low-speed hydraulic clutch CL is described. 
An inner drum 104a cut with outer splines in the axial 
direction is integrally extended forward from gear 1 04 
and inserted into clutch casing 105. In a space between 
clutch casing 105 and inner drum 104a, a plurality of 
outer plates 36 are fit with inner splines of clutch casing 

105 so as to slide back and forth, and a plurality of inner 
plates 37 are fit with outer splines the inner drum 104a 
so as to slide back and forth. Outer plates 36 and inner 
plates 37 are arranged alternately in the axial direction. 
At the tail end of the space, a fixed plate 38 is attached 
to clutch casing 1 05 and/or inner drum 1 01 a so as to be 
immovable backward. 

[0054] Furthermore, a boss 101a, which extends 
integrally from gear 101 backward along driving clutch 
shaft 10, and an actuator 107 are located in hydraulic 
casing 105. Actuator 107 is provided at its central por- 
tion with a boss 1 07a, which is attached around boss 
101a so as to slide back and forth. A working portion of 
actuator 107 is interposed so as to slide back and forth 
between either outer plate 36 or inner plate 37 posi- 
tioned at the front end (outer plate 36 in this embodi- 
ment) and a front face of hydraulic clutch casing 1 05. In 
inner drum 104a, an extension spring 35 is interposed 
between a spring receiver 109 attached fixedly around 
boss 101a near a rear end of boss 101a and actuator 
107, thereby biasing actuator 107 forward. In this 
regard, while being free in hydraulic pressure, adjacent 
outer plate 36 and inner plate 37 are separated apart 
from each other so that hydraulic clutch CL is disen- 
gaged. Thus, low-speed hydraulic clutch CL as a wet 
type multi-plate clutch is constituted on driving clutch 
shaft 10. 

[0055] An inside of hydraulic clutch casing 105 is 
isolated back and forth by actuator 107. When an oper- 
ation of engaging clutch CL, pressurized oil is supplied 
to an oil chamber ahead of to actuator 1 07 so that actu- 
ator 1 07 is slid backward against the force of spring 35 
so as to press each outer plate 36 against each inner 
plate 37. 

[0056] A high speed power train of shift mechanism 
B is described referring to Figure 2 and the like. Also in 
rear chamber 1R, as illustrated in Figure 2, a counter 
shaft 1 1 is provided in parallel to driving clutch shaft 1 0. 
A front end of counter shaft 1 1 is received with a ball 
bearing 61 fit into a second bearing boss 14b of bulk- 
head 14. A rear end of counter shaft 11 is supported 
with a ball bearing 64b fit into a front end of bearing cas- 
ing 64 attached fixedly to a rear wall of clutch housing 1 
and projects forward. In addition, a front face of ball 
bearing 61, as illustrated in Figures 2 and 3, is covered 
with a bearing cap 21 attached fixedly to a front face of 
second bearing boss 14b in front chamber 1 F. 



[0057] A clutch gear 1 02 always meshed with gear 

101 on driving clutch shaft 10 is attached relatively 
rotatably on counter shaft 11 through the medium of a 
ball bearing. A gear 103 always meshed with gear 104 

5 fixed on driving power train shaft 1 3 is attached fixedly 
around countershaft 11. Gears 101, 102, 103 and 104 
of the high speed power train establish a gear ratio less 
than the foregoing gear ratio of the low speed power 
train. 

10 [0058] On counter shaft 11 is configured high- 
speed hydraulic clutch CH for connection and discon- 
nection between clutch gear 102 and countershaft 11. 
This is described referring to Figures 2 and 5. A hydrau- 
lic clutch casing 106 like a drum, which has an open 

15 rear end and is provided on its inner periphery with 
inner splines in the axial direction, is integrally formed at 
its center portion with a boss 106a. Boss 106a is 
attached fixedly around counter shaft 1 1 through the 
medium of a key so that hydraulic clutch casing 1 06 is 

20 provided in a unified form around counter shaft 1 1 . Just 
posterior to boss 106a, clutch gear 102 is attached rel- 
atively rotatably around counter shaft 11. Clutch gear 

1 02 is integrally formed at its front portion with an inner 
drum 102a cut with outer splines. Inner drum 102a is 

25 inserted into hydraulic clutch casing 106. 

[0059] In a space between a drum portion of 
hydraulic clutch casing 106 and inner drum 102a, a plu- 
rality of outer plates 66 are fit with an inner splines of 
hydraulic clutch casing 1 06 so as to slide back and forth, 

30 and a plurality of inner plates 67 are fit with outer splines 
of inner drum 102a so as to slide back and forth. Outer 
plates 66 and inner plates 67 are arranged alternately in 
the axial direction. Further, at the tail end of the space, 
a fixed outer plate 68 is attached to hydraulic clutch cas- 

35 ing 1 06 so as to be immovable backward. 

[0060] Furthermore, a spring receiver 110 is 
attached fixedly around boss 106a of hydraulic clutch 
casing 106 near a rear end of boss 106a. An actuator 
108 is provided at its central portion with a boss 108a, 

40 which is attached around boss 1 06a so as to slide back 
and forth. A working portion of actuator 108 is inter- 
posed so as to slide back and forth between a front face 
of hydraulic clutch casing 1 06 and either outer plate 66 
or inner plate 67 positioned at the front end. Further, an 

45 extension spring 65 is interposed between spring 
receiver 110 and actuator 108 so as to bias actuator 
108 forward. In this regard, while being free in hydraulic 
pressure, adjacent outer plate 66 and inner plate 67 are 
separated apart from each other so as to disengage 

so clutch CH. 

[0061] An inside of hydraulic clutch casing 106 is 
isolated back and forth by actuator 108. When an oper- 
ation of engaging clutch CH, pressurized oil Is drained 
from an oil chamber posterior to actuator 1 08 and sup- 

55 plied to an oil chamber ahead of actuator 108 so as to 
slide actuator 108 backward against the force of spring 
65, thereby pressing each outer plate 66 against each 
inner plate 67. 
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[0062] Incidentally, in Figures 2 and 5, for conven- 
ient illustration, a cross section of actuator 108 drawn 
above counter shaft 1 1 indicates a position of clutch off 
(disengaged) and that below counter shaft 1 1 indicates 
a position of clutch on (engaged). 
[0063] Between both shifting hydraulic clutches CL 
and CH, low-speed hydraulic clutch CL, which can 
establish a state of half clutch to be also used as a 
clutch for inching as described later, has a larger vol- 
ume than that of high-speed hydraulic clutch CH, 
thereby enduring frequent engaging/disengaging. 
[0064] If an idle gear is interposed between gears 
1 03 and 1 04 or between gears 1 01 and 1 02, the rotation 
of driving power train shaft 13, when receiving power 
through hydraulic clutch CH, is reversed relative to that 
when receiving power through hydraulic clutch CL, that 
is, a reversor mechanism is constituted by hydraulic 
clutches CL and CH. However, both shifting hydraulic 
clutches CL and CH, in this embodiment, are used 
insistently for speed-changing so that the rotational 
direction of driving power train shaft 13 is constant 
whichever hydraulic clutch CL or CH in shift mechanism 
B is engaged. 

[0065] Each of actuators 1 07 and 1 08 of respective 
shifting hydraulic clutches CL and CH is biased so as to 
disengage the clutch and actuates to engage it when 
being supplied with oil discharged from a hydraulic 
pump against the biasing force. Alternatively, each 
clutch CL or CH may be configured in such a way that it 
is engaged by the biasing force and is disengaged when 
hydraulic oil is supplied against the biasing force. In the 
embodiment, clutches CL and CH will be description as 
follows on the assumption that they are engaged when 
hydraulic oil is supplied. 

[0066] Assuming that clutch pedal 111 shown in 
Figure 12 is not pressed and city type clutch apparatus 
A is engaged, when a shift lever 91 provided as means 
for switching between two speed stages of high/low of 
shift mechanism B, illustrated in Figure 12, is positioned 
at its low speed position, the hydraulic oil chamber of 
low-speed hydraulic clutch CL is supplied therein with 
pressurized oil, thereby engaging hydraulic clutch CL. 
Simultaneously, pressurized oil is drained from the 
hydraulic oil chamber of high-speed hydraulic clutch CH 
so as to disengage hydraulic clutch CH. In this state, the 
driving force from a engine 5 is transmitted from driving 
clutch shaft 10, through gear 101, low-speed hydraulic 
clutch CL and gear 104, to driving power train shaft 13. 
In addition, gear 102 is rotated in association with rota- 
tion of gear 1 01 , however, counter shaft 1 1 is not rotated 
because high-speed hydraulic clutch CH is disengaged. 
[0067] Also in the state that clutch pedal 111 is not 
pressed, when shift lever 91 is positioned at its high 
speed position, the hydraulic chamber of high-speed 
hydraulic clutch CH is supplied therein with pressurized 
oil, thereby engaging hydraulic clutch CH. Simultane- 
ously, pressurized oil is drained from the hydraulic oil 
chamber of low-speed hydraulic clutch CH, thereby dis- 



engaging hydraulic clutch CL Therefore, the driving 
force from engine 5 is transmitted from driving clutch 
shaft 10, through gear 101, gear 102 and high-speed 
hydraulic clutch CH, to counter shaft 11. Gear 103 is 

5 rotated in association with rotation of counter shaft 1 1 . 
Gear 104, which is free from gear 101 because of the 
disengagement of hydraulic clutch CL, is rotated 
together with gear 103, thereby rotating driving power 
train shaft 13. Even when revolution speeds of driving 

10 clutch shaft 1 0 are similar, the gear ratio established by 
the high speed power train of the combination of gears 
i01, 102, 103 and 104 is smaller than the gear ratio by 
gears 101 and 104 in engaging of low-speed hydraulic 
clutch CL so that revolution speed of gear 104 is faster 

T5 than that in engaging of hydraulic clutch CL. Conse- 
quently, the rotation of driving power train shaft 13 is 
faster than that in engaging of hydraulic clutch CL, 
thereby setting the driving speed of a tractor to high- 
speed stage. 

20 [0068] As described above, three clutches in total, 
that is, dry type clutch apparatus A having clutch disc 50 
to be pressed against flywheel 28 and two hydraulic 
clutches CL and CH in shift mechanism B of two stages 
of high speed and low speed are located in clutch hous- 
es ing 1. Dry type clutch apparatus A among these 
clutches is basically used as a main clutch to 
engage/disengage the transmission of engine power 
with/from the driving power train. However, it is desira- 
ble to pass a state of inching, that is, a state of a half 

30 clutch during a transition period between the state in 
which the transmission of engine power to the driving 
power train is performed usually (the state of main 
clutch engaging) and the state in which the transmission 
of engine power to the driving power train is isolated 

35 (the state of main clutch disengaging). In this regard, 
dry type clutch apparatus A being a dry type single- 
plate clutch is insufficient with its durability to be used 
alone for establishing the half clutch because excessive 
friction load is put on its clutch disc 50. 

40 [0069] Then, in this embodiment, as referred to in a 
description of a hydraulic circuit in a hydraulic pressure 
control valve apparatus 83 hereafter, both wet type 
multi-plate hydraulic clutches CL and CH for shifting are 
disengaged so as to isolate the transmission of engine 

45 power to the driving power train (the driving power train 
located in transmission housing 201 and rear axle hous- 
ing 202). Furthermore, during the transition period 
between the clutch disengaging and the clutch engag- 
ing, whether a shift lever 91 is positioned at a low speed 

so position or a high speed position, a later-discussed oil 
path switching valve 44 and the like are used so as to 
bring low-speed hydraulic clutch CL with a large volume 
into the state of half clutch, that is, hydraulic clutch CL Is 
used as a clutch for inching, thereby establishing the 

55 inching. 

[0070] Thinking alternately, if dry type clutch appa- 
ratus A is not provided, driving clutch shaft 10 remains 
to be rotated so as to follow the output shaft of engine 5 
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when both hydraulic clutches CL and CH are disen- 
gaged. On the other hand, in each of hydraulic clutches 
CL and CH both being disengaged, there is generated a 
little power transmission (creep phenomenon) due to 
the viscosity of lubricant oil. Consequently, the trans- 
mission of engine power to the driving power train is not 
isolated completely so that the engine at idle is undesir- 
ably stressed and damaged with its durability because a 
carbon deposit caused by incomplete combustion is 
accumulated in an engine cylinder thereof. It is possible 
also to say that, for the purpose of dissolving such a 
problem, there is provided dry type clutch apparatus A 
isolating driving clutch shaft 10 from the engine output 
shaft so as to stop rotation of driving clutch shaft 10, 
thereby removing a creep phenomenon. 
[0071] In any way, a drag-preventing clutch appara- 
tus to be pressed against flywheel 28 may have a sim- 
ple ^nd compact structure such as dry type single-plate 
clutch apparatus A because both hydraulic clutches CL 
and CH of shift mechanism B are used as a clutch for 
engagement/disengagement of the driving power train 
with/from the engine output portion. Further, since only 
low-speed hydraulic clutch CL between both hydraulic 
clutches CL and CH is used to generate inching by 
being brought to a state of a half clutch, high-speed 
hydraulic clutch CH may have a small volume and a 
compact size while only low-speed hydraulic clutch CL 
having a large volume. From the matter described 
above, inner and outer structures of clutch housing 1 
provided therein with these three clutches become com* 
pact and simple. 

[0072] Description will be given on a structure sup- 
plying pressurized oil to shifting hydraulic clutches CL 
and CH, which is configured in clutch housing 1. 
[0073] As Illustrated in Figure 3, a lube oil passage 
14c for the low-speed clutch and a hydraulic oil passage 
14d for the low-speed clutch are bored in first bearing 
boss 14a formed by bulkhead 14 of clutch housing 1. A 
hydraulic oil passage 14e for the high-speed clutch is 
bored in second bearing boss 14b formed by bulkhead 
14 of clutch housing 1. Pipe fittings 32, 33 and 34 are 
externally attached to the outward directed openings of 
respective passages and hydraulic pressure pipes 
extended from a hydraulic pressure control valve appa- 
ratus 83 to be described later are connected to the 
respective pipe fittings. 

[0074] As illustrated in Figures 2 and 4, in first bear- 
ing boss 14a, annular grooves corresponding to oil pas- 
sages 14c and 14d respectively are cut around a sleeve 
portion integrated to a front portion of gear 101 . On the 
other hand, in gear 1 01 , oil passage grooves 24 and 24 
are cut on driving clutch shaft 10 and each annular 
groove of gear 101 is communicated with each of oil 
passage grooves 24 and 25 through a through hole. 
[0075] Oil passage grooves 24 is communicated 
with the inner oil chamber posterior to actuator 107 in 
hydraulic clutch casing 105 through oil passage groove 
26 cut on the inner peripheral surface of the rear side of 



a gear 101. Thus, clutch plates 36, 37, 38 and the like 
are lubricated by pressurized oil flown into the oil cham- 
ber posterior to actuator 107 in hydraulic clutch casing 
105 through pipe fitting 32, oil passage 14c and oil pas- 

5 sage grooves 24 and 26. 

[0076] On the other hand, oil passage groove 25 is 
communicated with the hydraulic oil chamber ahead of 
actuator 107 in hydraulic clutch casing 105 through an 
hydraulic oil hole 27 bored in gear 101. When pressu- 

10 rized oil flows through pipe fitting 33, oil passage 14d, 
oil passage groove 25 and hydraulic oil hole 27 into the 
hydraulic oil chamber, actuator 107 is slid backward to 
engage hydraulic clutch CL 

[0077] As illustrated in Figures 2, 3 and 5, pressu- 

15 rized oil for high-speed hydraulic clutch CH flows 
through pipe fitting 34, oil passage 14e and an oil pas- 
sage 21a bored within bearing cap 21 into an oil cham- 
ber 21 b just ahead of a small diameter portion provided 
in a protruding condition at the tip of counter shaft 11 

20 inside bearing cap 21 . Counter shaft 1 1 is axially bored 
therein with an oil passage hole 11b, which is open at 
the front end and extended backward so as to commu- 
nicate with oil chamber 21b. Counter shaft 11 is also 
radially bored therein with an oil passage hole 11c 

25 extended from the rear end of oil passage hole 1 1 b and 
opened outward. Further, hydraulic clutch casing 106 is 
bored therethrough with an oil passage hole 106b, 
whose inside and outside open ends communicate with 
an outer open end of oil passage hole 11c and the 

30 hydraulic oil chamber ahead of actuator 1 08 in hydraulic 
clutch casing 106, respectively. Therefore, pressurized 
oil supplied into the oil chamber 21b flows further into 
the hydraulic oil chamber through oil passages 11b and 
1 1c in counter shaft 1 1 and through-hole 1 06a so as to 

35 make actuator 108 slide backward, thereby engaging 
hydraulic clutch CH. 

[0078] The supply/drainage of pressurized oil to 
both hydraulic clutches CL and CH in shift mechanism B 
having the above-mentioned configuration, and to a 

40 hydraulic cylinder 81 being an actuator for switching dry 
type clutch apparatus A are controlled by a hydraulic 
pressure control valve apparatus 83 externally attached 
to clutch housing 1 as illustrated in Figure 12 and the 
like. A hydraulic circuit in hydraulic pressure control 

45 valve apparatus 83, referring to Figures 6 to 1 1, and an 
inner structure thereof, referring to Figures 12 and 14 
through 18 will be described. 

[0079] Pressurized oil is introduced into hydraulic 
pressure control valve apparatus 83 from an external 

so hydraulic pump P and broadly distributed among a 
hydraulic oil circuit for shifting up to high-speed and low- 
speed hydraulic clutches CH and CL, a hydraulic oil cir- 
cuit for the dry type clutch up to hydraulic cylinder 81 
being an actuator for switching dry type clutch appara- 

55 tus A, and a lube oil circuit. The hydraulic oil circuit for 
shifting is provided with a main clutch valve 43, a shift 
control valve 42, an oil path switching valve 44 and a 
pair of slow return check valve mechanisms 47 for 
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respective hydraulic clutches CL and CH. The hydraulic 
oil circuit is provided with a dry type clutch switching 
valve 45. The lube oil circuit is provided with a delay 
relief valve (hereafter, referred to as DRV) 48. An 
arrangement and structure of these respective valves in 
hydraulic pressure control valve apparatus 83 is as 
shown in Figures 14 and 15. In addition, as illustrated in 
Figure 15, in hydraulic pressure control valve apparatus 
83, the hydraulic oil circuit for shifting is provided with a 
pair of outwardly open oil passages including respective 
slow return check valve mechanisms 47. A pair of pipe 
fittings 49 are attached to the open ends of these 
respective oil passages so as to be connected to 
respective pipe fittings 33 and 34 externally attached 
onto clutch housing 1 through the medium of pipes. 
[0080] Pressurized oil introduced into hydraulic 
pressure control valve apparatus 83 from the hydraulic 
pump is supplied to main clutch valve 43 of the hydraulic 
oil circuit for shifting and to dry type clutch switching 
valve 45 of the hydraulic oil circuit for the dry type clutch 
under the state that DRV 48 is closed. 
[0081] At first, the hydraulic oil circuit for shifting is 
described. Main clutch valve 43 is switched among 
three positions, that is, a clutch-on position for supplying 
pressurized oil directly to shift control valve 42, a half- 
clutch position for supplying pressurized oil to shift con- 
trol valve 42 through a throttle, and a clutch-off position 
for cutting off a supply of pressurized oil to shift control 
valve 42 and draining pressurized oil from shift control 
valve 42. When main clutch valve 43 is switched to the 
clutch-off position, both hydraulic clutches CL and CH 
after all, are disengaged because pressurized oil is 
drained from either hydraulic clutch CL or CH which has 
been supplied with the pressurized oil during its clutch- 
on. 

[0082] Main clutch valve 43 interlocks with clutch 
pedal 111 through a linkage (the linkage will be detailed 
later) illustrated in Figure 12 and the like. Through the 
medium of the linkage, main clutch valve 43, as illus- 
trated in Figure 13, is set at the clutch-on position when 
clutch pedal 1 1 1 being unpressed or little pressed so as 
to remain in a stroke range D1, at the half-clutch posi- 
tion when clutch pedal 1 1 1 being pressed to a stroke 
range D2, and at the clutch-off position when clutch 
pedal 1 1 1 being pressed to the stroke range D3. 
[0083] Shift control valve 42 is switched between 
two positions, that is, a low-speed position Lo for sup- 
plying pressurized oil to low-speed hydraulic clutch CL 
and draining pressurized oil from high-speed hydraulic 
clutch CH and a high-speed position Hi for supplying 
pressurized oil to high-speed hydraulic clutch CH and 
draining pressurized oil from low-speed hydraulic clutch 
CL according to the switching shift lever 91 , Illustrated In 
Figure 12, between Its two speed positions of high/low. 
[0084] Furthermore, shift control valve 42, while 
being switched between the high/low speed positions, 
passes through a DRV-actuation position for cutting off 
an introduction of pressurized oil from the hydraulic 



pump and bringing an oil passage up to oil path switch- 
ing valve 44 into connection with a drain port. This posi- 
tion is set to open DRV 48. In association with this, a 
part of pressurized oil supplied to dry type clutch switch- 

5 ing valve 45 is introduced into shift control valve 42. 
When shift control valve 42 is located at the DRV-actua- 
tion position, the oil introduced into shift control valve 42 
is drained so as to release a pressure regulating a DRV 
closure. Further, the pressurized oil introduced from the 

10 hydraulic pump is cut off so as to make the oil upstream 
of main clutch valve 43 flow to DRV 48 so that DRV 48 
opens and the hydraulic pressure in an oil inlet port 
thereof from main clutch valve 43 is reduced. Therefore, 
when the setting of shift control valve 42 to high-speed 

is position Hi or low-speed position Lo is completed after it 
passes through the DRV-actuation position, the pressu- 
rized oil from the hydraulic pump is not introduced rap- 
idly into shift control valve 42. Then, as DRV 48 closes 
more and more, the hydraulic pressure of oil into valve 

20 42 from main clutch valve 43 gradually arises. Conse- 
quently, the shock developed when either hydraulic 
clutch CL or CH is engaged in association with shifting 
between high and low speeds (Hi-Lo) is damped. 
[0085] Oil path switching valve 44 is an electromag- 

25 netic solenoid and may be switched between an ener- 
gized position and a non-energized position for 
switching the connection of two ports lead to respective 
hydraulic clutches CL and CH to two ports lead to shift 
control valve 42. Oil path switching valve 44 is normally 

30 out of an energized state. It is energized so as to supply 
pressurized oil, which is to be essentially supplied to 
high-speed hydraulic clutch CH from the point of the 
position of shift control valve 42, to low-speed hydraulic 
clutch CL only when clutch pedal 111 is in the stroke 

35 range D2 or D3 and simultaneously shift lever 91 is 
positioned at the high-speed position. 
[0086] Oil path switching valve 44 is provided to 
exert pressurized oil for inching (half clutch) only onto 
low-speed hydraulic clutch CL with a large volume 

40 because high-speed hydraulic clutch CH, if being used 
to be half-clutched during starting or unclutching, is 
stressed and damaged by a heavy load. 
[0087] In starting, clutch pedal 1 1 1 pressed fully (to 
stroke range D3) is gradually loosened from a foot force 

45 so as to rise through stroke range D2 and finally 
released from the foot (so as to reach stroke range D3, 
thereby engaging a driving clutch. In the case of starting 
with shift lever 91 positioned at the low-speed position, 
oil path switching valve 44 remains non-energized so 

so that pressurized oil is supplied to low-speed hydraulic 
clutch CL while clutch pedal 111 is in stroke range D2. 
Even in the case of starting with shift lever 91 positioned 
at the high-speed position, oil path switching valve 44 is 
energized so that pressurized oil is still supplied to low- 

55 speed hydraulic clutch CL through oil path switching 
valve 44 while clutch pedal 1 11 is in stroke range D2. 
[0088] In the case of pressing of clutch pedal 111 
for' disengaging the driving clutch, when clutch pedal 
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1 1 1 is pressed to stroke range D2, an oil-supply path of 
main clutch valve 43 is throttled. If shift lever 91 is in the 
low-speed position, oil path switching valve 44 remains 
non-energized so that pressurized oil is still supplied to 
low-speed hydraulic clutch CL. However, the hydraulic 
pressure of the supplied oil is reduced because of the 
throttling of main clutch valve 43. Therefore, actuator 
107 of hydraulic clutch CL is gradually moved toward 
the direction of disengaging the clutch by biasing force 
of spring 35 so that clutch CL is half-clutched. When 
clutch pedal 111 is pressed to stroke range D3 finally, 
the oil path of main clutch valve 43 which is previously 
used for supplying is changed into one for drainage so 
that pressurized oil is drained almost completely from 
the hydraulic oil chamber of hydraulic clutch CL, thereby 
disengaging both hydraulic clutches CL and CH. 
[0089] Further, in the case that the driving clutch is 
disengaged with shift lever 91 positioned at the high- 
speed position, when clutch pedal 1 1 1 is pressed up to 
stroke range D2, oil path switching valve 44 is energized 
so as to bring the hydraulic oil chamber of high-speed 
hydraulic clutch CH into communication with the drain 
port through oil path switching valve 44 and shift control 
valve 42 which still remains at high-speed position Hi, 
thereby draining pressurized oil from the hydraulic oil 
chamber. On the other hand, main clutch valve 43 is 
positioned at its half-clutch position so as to throttle its 
oil-supplying path, which communicates with the 
hydraulic oil chamber of low-speed hydraulic clutch CL. 
Therefore, the hydraulic oil chamber of clutch CL is sup- 
plied therein with a little oil so that hydraulic clutch CL is 
half -clutched. When clutch pedal 111 is pressed to 
stroke range D3 finally, the oil path of main clutch valve 
43 which is previously used for supplying oil is changed 
into one for drainage so that pressurized oil is drained 
almost completely from the hydraulic oil chamber of 
hydraulic clutch CL, thereby disengaging both hydraulic 
clutches CL and CH. 

[0090] As described above, even though shift lever 
91 is positioned at the high-speed position, by switching 
oil path switching valve 44, pressurized oil is sent to low- 
speed hydraulic clutch CL with a large volume instead of 
high-speed hydraulic clutch CH in starting and unclutch- 
ing. Therefore, during the inching (half-clutching), a rel- 
atively excessive load is prevented from being applied 
on high-speed hydraulic clutch CH, thereby ensuring 
the durability of hydraulic clutch CH. Alternatively think- 
ing, it is also possible to say that a clutch with a small 
volume may be used as high-speed hydraulic clutch CH 
and shift mechanism B in clutch housing 1 may be 
downsized and simplified because the inching is gener- 
ated only by low-speed hydraulic clutch CL. 
[0091] As illustrated in Figures 15 and 16, each of 
slow return check valve mechanisms 47 is provided in 
each oil path between oil path switching valve 44 and 
each of pipe fittings 49 connected to each of hydraulic 
clutches CL and CH. A structure of each slow return 
check valve mechanism 47 will be described in details 



referring to Figures 17 and 18. 

[0092] Each slow return check valve mechanism 47 
consists of a ball stopper 47a, a sleeve 47b and a ball 
47c. Ball 47c is inserted into sleeve 47b. When being 

5 free from hydraulic pressure, ball 47c blocks a bottom 
hole of sleeve 47b so as to cut the communication with 
a lower oil path from oil path switching valve 44. When 
pressurized oil is discharged from oil path switching 
valve 44 to the lower oil path, ball 47c is pushed up by 

w the pressure and the inside of sleeve 47b is communi- 
cated with the lower oil path. 

[0093] Ball stopper 47a is vertically tubiform and 
located above ball 47c in sleeve 47b to regulate an 
upward displacement of ball 47c. Three extensions 

75 equally spaced are provided in the horizontal direction 
from ball stopper 47a and connected to the top end of 
sleeve 47b. A pipe fitting 49 above ball stopper 47a and 
the inside of sleeve 47b are always communicated with 
one another through an cylindrical opening of ball stop- 

20 per 47a and clearances between the extensions. When 
pressurized oil is discharged from oil path switching 
valve 44, ball 47c is floated so that pressurized oil sup- 
plied in sleeve 47b flows out toward pipe fitting 49 so as 
to be supplied to hydraulic clutch CL or CH. On the con- 

25 trary, pressurized oil from hydraulic clutch CL or CH 
flows into sleeve 47b through pipe fitting 49. 
[0094] Furthermore, sleeve 47b is bored in the 
vicinity of its bottom hole by an orifice 47d which com- 
municates the inside of sleeve 47b with the lower oil 

30 path regardless of whether ball 47c blocks the bottom 
hole of sleeve 47b or not. When pressurized oil flows 
into sleeve 47b from hydraulic clutch CL or CH, since 
ball 47c blocks the bottom hole of sleeve 47b so that 
pressurized oil supplied into sleeve 47b flows to the 

35 lower oil path through orifice 47d, the return action of 
actuator 107 or 108 based on the clutch-off operation of 
hydraulic clutches CL and CH is performed gradually, 
thereby relaxing shock due to their clutch-off. 
[0095] Thus, each of hydraulic clutches CL and CH 

40 for shifting is engaged gradually by the effect of DRV 48, 
and disengaged gradually by the orifice effect of slow 
return check valve mechanism 47. Therefore, for shift- 
ing, for example, from a state of high speed transmis- 
sion wherein low-speed hydraulic clutch CL is 

45 disengaged and high-speed hydraulic clutch CH is 
engaged to a state of low speed transmission wherein 
low-speed hydraulic clutch CL is engaged and high- 
speed hydraulic clutch CH is disengaged, a state in 
hydraulic pressure control valve apparatus 83 is 

so switched from the state of Figure 7 to that of Figure 6 
(that is, shift control valve 42 is switched from high 
speed position Hi to low speed position Lo). During this 
switching of clutches for shifting, as Illustrated in Figure 
9, both clutches CL and CH come to be half-clutched 

55 because hydraulic pressure for engaging low-speed 
hydraulic clutch CL (it corresponds to hydraulic oil pres- 
sure supplied to actuate actuator 1 07 against its biasing 
pressure) is decreased gradually by the orifice structure 
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of slow return check valve mechanism 47, and pressure 
for engaging high-speed hydraulic clutch CH (it corre- 
sponds to hydraulic oil pressure supplied to actuate 
actuator 108 against its biasing pressure) is increased 
gradually by DRV 48. Therefore, there is relaxed shock 5 
during shifting speed stages in shift mechanism B with 
high/low speeds. 

[0096] Then, a hydraulic oil circuit for the dry type 
clutch will be described. Dry type clutch switching valve 
45 provided in the circuit is made of an electromagnetic 10 
solenoid valve which is switched between a clutch-on 
position for supplying the pressurized oil introduced 
from the hydraulic pump into hydraulic cylinder 81 as an 
actuator for dry type clutch apparatus A so as to extend 
its piston rod and a position for draining the pressurized 75 
oil from hydraulic cylinder 81 so as to contract its piston 
rod. 

[0097] Ordinarily, dry type clutch switching valve 45 
is in the clutch-on position. When clutch pedal 111 is 
pressed to stroke range D3, valve 45 is switched to the 20 
clutch-off position, as illustrated in Figure 13, so as to 
disengage dry type clutch apparatus A, thereby cutting 
off the transmission of engine power to driving clutch 
shaft 10. Consequently, a creep phenomenon caused 
from the viscosity of lubricant oil in both hydraulic 25 
clutches CL and CH being disengaged, that is, the drag 
resulting from engine power in the driving power train is 
prevented. 

[0098] Further, as illustrated in Figure 6, in hydrau- 
lic pressure control valve apparatus 83, an open/close 30 
valve 84 being a hydraulic pressure pilot valve is inter- 
posed on the lubricant oil path downstream of DRV 48. 
Open/close valve 84 is opened when hydraulic pressure 
in the oil path from main clutch valve 43 to shift control 
valve 42 becomes higher than the specified pressure. 35 
The lubricant oil path is connected through a pipe to 
pipe fitting 32 provided on clutch housing 1 for supplying 
lubricant oil. Further, excessive oil to the lubricant oil 
path is returned to an oil tank T through a relief valve 85. 
And, pressurized oil drawn from hydraulic cylinder 81 is 40 
merged with the oil path to oil tank T so as to be 
returned to oil tank T. 

[0099] In such configured hydraulic pressure con- 
trol valve apparatus 83, when clutch pedal 111 illus- 
trated in Figure 1 2 is not pressed at all or almost, that is, 45 
clutch pedal 111 is in stroke range D1 as illustrated in 
Figure 1 3, main clutch valve 43 is located in its clutch-on 
position (engaging a clutch), and oil path switching 
valve 44 and dry type clutch switching valve 45, which 
are electromagnetic solenoid valves, are out of ener- 50 
gized state as illustrated in Figures 6 and 7. In such a 
state, when shift lever 91 illustrated in Figure 1 2 is set at 
its low-speed position, shift control valve 42 linked to 
lever 91 is set at low-speed position Lo as illustrated in 
Figure 6, so that, through oil path switching valve 44 55 
positioned as shown, there is supplied oil into low- 
speed hydraulic clutch CL for engagement of clutch CL, 
and is drained oil from high-speed hydraulic clutch-GH 



for disengagement of clutch CH. Therefore, the rotation 
force of driving clutch shaft 10 is transmitted to driving 
power train shaft 13 through the medium of low-speed 
hydraulic clutch CL so as to rotate driving power train 
shaft 13 at a slow speed. 

[0100] Also, when shift lever 91 is positioned at the 
high-speed position under the condition of holding 
clutch pedal 111 in stroke range D1, shift control valve 
42 is set at high-speed position Hi, as illustrated in Fig- 
ure 7, so that, through oil path switching valve 44 being 
positioned at the non-energized position similarly to that 
in Figure 6, there is supplied oil to high-speed hydraulic 
clutch CH for engagement of clutch CH, and drained, oil 
from low-speed hydraulic clutch CL for disengagement 
of clutch CH. Therefore, the rotation force of driving 
clutch shaft 10 is transmitted to driving power train shaft 
13 through the medium of high-speed hydraulic clutch 
CH so as to rotate driving power train shaft at a high 
speed. 

[01 01 ] There is shown in Figure 8 the inside state of 
hydraulic pressure control valve apparatus 83 when 
clutch pedal 111, which is loosened from stroke range 
D3 for starting or is pressed from stroke range D1 for 
unclutching, comes to stroke range D2 particularly 
under the condition that shift lever 91 is set at the high- 
speed position. Main clutch valve 43 is set to be throt- 
tled and supply pressurized oil from the hydraulic pump 
to low-speed hydraulic clutch CL through shift control 
valve 42 at high-speed position and energized oil path 
switching valve 44. Hydraulic clutch CL is half-clutched 
because main clutch 43 is throttled so as to lower the 
hydraulic pressure of supply oil. On the other hand, 
high-speed hydraulic clutch CH is disengaged because 
it communicates with the drain port of shift control valve 
42 through oil path switching valve 44 so as to drain oil 
therefrom. Similarly with the case in shifting, supply of 
pressurized oil is switched between both hydraulic 
clutches CL and CH. However, as the above-description 
of the transition state shown in Figure 9, shock resulting 
from the rapid fluctuation of hydraulic pressure does not 
occur because pressurized oil from high-speed hydrau- 
lic clutch CH to be drained passes through orifice 47d of 
slow return check valve mechanism 47. 
[0102] Further, in a period of starting with shift lever 
91 positioned at the high-speed position, after the state 
in Figure 8, clutch pedal 1 1 1 is returned to stroke range 
D1, main clutch valve 43 is positioned to the clutch-on 
(engaging) position, and simultaneously, oil path switch- 
ing valve 44 is energized. Therefore, high-speed 
hydraulic clutch CH is supplied with pressurized oil dis- 
charged again from main clutch valve 43, and low- 
speed hydraulic clutch CL drains pressurized oil there-" 
from. Incidentally, high-speed hydraulic clutch CH rises 
to the specified pressure soon because of being small in 
volume, and the transition of low-speed hydraulic clutch 
CL is done from its state of half -clutch, so that hydraulic 
pressure does not fluctuate so rapidly, thereby avoiding 
shock. 
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[0103] Alternatively, as shown in figure 10, a shift 
control valve 42' may be provided in place of shift con- 
trol valve 42. Shift control valve 42 is provided with the 
DRV-actuation position to open DRV 48 during the tran- 
sition between high-speed position Hi and low-speed 
position Lo. However, shift control valve 42' closes all 
ports during its transition between high and low speed 
positions so that DRV 48 remains closed. 
[0104] In the case that shift control valve 42 having 
the DRV-actuation position is used as the hydraulic oil 
circuit shown in Figure 6 and the like, the engaging 
hydraulic pressure in a hydraulic clutch to be engaged 
during the transition in shifting, as illustrated in Figure 9. 
The engaging hydraulic pressure of a hydraulic clutch to 
be disengaged (in this case, high-speed hydraulic clutch 
CH) is reduced gradually to some extent by the effect of 
slow return check valve mechanism 47. The reduction 
rate of hydraulic pressure of the clutch to be disengaged 
is insufficient if it is solely used to establish desirable 
inching (half-clutching) during a transition period in 
shifting. However, the rising rate of hydraulic pressure of 
the hydraulic clutch to be engaged is restricted by the 
effect of DRV 48 so much as to ensure the inching dur- 
ing the transition. Thus, in the case of the hydraulic oil 
circuit shown in Figures 6, 7 and the like, during the 
shifting between high and low speed stages (Hi-Lo), the 
hydraulic clutch to be engaged is limited in its increase 
rate of hydraulic pressure so as to be half-clutched, 
thereby relaxing impact in shifting. 
[0105] In the hydraulic oil circuit using shift control 
valve 42' of Figure 10, for example, in the case of shift- 
ing operation to shift from a low speed stage to a high 
speed stage, engaging pressure of high-speed hydrau- 
lic clutch CH, as illustrated in Figure 11, is increased 
rapidly after shift control valve 42' is switched to high 
speed position Hi. However, if shift lever 91 is operated 
gradually from the low speed stage to the high speed 
stage, shift control valve 42' stay at the transition posi- 
tion at which all ports is closed for a while. During this 
time, engaging pressure of low-speed hydraulic dutch 
CL, which is not subjected to a pump discharge pres- 
sure, is decreased a little, reaches a certain pressure, 
and is kept constant(as a horizontal portion X of a graph 
CL) so that low-speed hydraulic clutch CL is half- 
clutched. When shift control valve 42' reaches high 
speed position Hi, pressurized oil of low-speed hydrau- 
lic clutch CL is drained through orifice 47d of slow return 
check valve mechanism 47 so that its engaging pres- 
sure is lowered. As a result, in the hydraulic oil circuit of 
Figure 1 0, by operating shift lever 91 gradually, pressure 
decrease of a hydraulic clutch to be disengaged is 
stopped at the level of some extent once so that the 
clutch is brought to the state of half-clutch, thereby 
relaxing impact in switching speed stages of high and 
low. 

[0106] As described above, each hydraulic pres- 
sure valve in hydraulic pressure control valve apparatus 
83 controlling dry type clutch apparatus A and hydraulic 



clutches CL and CH for shifting has a structure linked 
with clutch pedal 1 1 1 and shift lever 91 . This structure of 
operational linkage will be described referring to Figures 
12 to 15. 

s [0107] As illustrated in Figure 12, shift lever 91 is 
located in the vicinity of steering wheel 6. Shift lever 91 
is connected to a linkage 92 by a universal joint and the 
like. Linkage 92 is connected to an arm 93 attached fix- 
edly to a shaft 94 supported pivotal ly onto hydraulic 

10 pressure control valve apparatus 83. As illustrated in 
Figure 14, in hydraulic pressure control valve apparatus 
83, an arm 94a is fixed onto shaft 94 and connected to 
shift control valve 42. Therefore, shift control valve 42 is 
slid and switched with its ports by rotation of shaft 94 

75 according to the switching operation of shift lever 91 . 
[0108] Clutch pedal 111 is located below steering 
wheel 6, and hydraulic cylinder 81 being an actuator for 
dry type clutch apparatus A is located below clutch 
pedal 111. Further, as illustrated in Figure 15, pipes are 

20 extended from oil passages from dry type clutch switch- 
ing valve 45 in hydraulic pressure control valve appara- 
tus 83 and connected to hydraulic cylinder 81 . 
[0109] A piston rod hydraulic cylinder 81 is con- 
nected to a clutch rod 15 projecting upward from clutch 

25 housing 1 illustrated in also Figure 2 and is configured 
to rotate a bell crank 16 in association with extension 
and retraction of the piston rod. A mechanical structure 
of dry type clutch apparatus A from bell crank 16 up to 
dry type clutch disc 50 through the medium of release 

30 lever 30 and the like in clutch housing 1 is as the forego- 
ing description based on Figure 2. Clutch housing 1 is 
not required to be enlarged with its inner space for 
arranging hydraulic cylinder 81 serving as an actuator 
for dry type clutch apparatus A because cylinder 81 is 

35 located outside a clutch housing 1 . Hydraulic cylinder 
81 is located above clutch housing 1 conveniently for its 
maintenance and assembly. Additionally, clutch rod 15 
may be provided with an adjustment portion at the posi- 
tion above clutch housing 1, thereby enabling the 

40 response of dry type clutch apparatus A to the actuation 
of hydraulic cylinder 81 to be adjusted easily. 
[0110] Clutch pedal 111 is further, as described 
above, linked to main clutch valve 43 in hydraulic pres- 
sure control valve apparatus 83. Referring to this based 

45 on Figure 12, a base portion of clutch pedal 1 1 1 is piv- 
oted around a supporting shaft 112, and an arm 1 1 1 a Is 
fixed to the base portion so as to be rotated together 
with clutch pedal 111. A link 95 is connected to an end 
of arm 111a and connected to an end of an arm 113 

so fixed to a shaft 114. Shaft 114 is pivoted on hydraulic 
pressure control valve apparatus 83. In hydraulic pres- 
sure control valve apparatus 83, as illustrated in Figure 
1 4, an arm 1 1 4a is fixed to shaft 1 1 4 and connected to 
main clutch valve 43 so that main clutch valve 43 is slid 

55 to be switched by the rotation of shaft 1 14. 

[0111] As illustrated in Figure 15, oil path switching 
valve 44 and dry type clutch switching valve 45 being 
electromagnetic solenoid valves provided in hydraulic 
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pressure control valve apparatus 83 require for their 
electromagnetic control that the position of clutch pedal 
111 is detected. As means detecting the position, as 
illustrated in Figure 13, a flap 1 11c is attached fixedly to 
a front end of clutch pedal 1 1 1 , a flap 1 1 1 b is attached 5 
fixedly to arm 111a unified with clutch pedal 111. Corre- 
spondingly, a position detecting switch 115 for control- 
ling oil path switching valve 44 is located so as to be 
turned on by abutting against flap 111c when clutch 
pedal 1 1 1 remains in stroke range D1 , and a position 10 
detecting switch 116 for controlling dry type clutch 
switching valve 45 is located so as to be turned on by 
abutting against flap 111b when clutch pedal 111 is 
pressed to stroke range D1 . 

[0112] Figure 19 is a table including pictorial clutch 15 
pedals 1 1 1 showing a relation between strokes of clutch 
pedal 111 and states of on/off of position detecting 
switches 1 1 5 and 1 1 6 as described. In this case, though 
it is defined that each switch of switches 1 1 5 and 1 1 6 is 
turned on when being pushed against each of flaps 20 
1 1 1 c and 1 1 1 b. Alternately, it may also be defined that 
each of switches 1 15 and 1 16 is turned off when being 
pushed against each of flaps 111c and 111b (turned on 
when being not pressed). Essentially, it is well to say 
that each of electromagnetic solenoids 44 and 45 is out 25 
of an energized state when each of switches 115 and 
1 1 6 is pushed against each of flaps 111c and 111b. 
[0113] In the state that shift lever 91 is detected to 
be positioned at the high-speed position by detection 
means of its position (not shown), oil path switching 30 
valve 44 is energized if position detecting switch 1 15 is 
turned off (that is, clutch pedal 111 is in stroke range D2 
or D3), and is out of an energized state if switch 115 is 
turned on (that is, clutch pedal 1 1 1 is in stroke range 
D1 ). Incidentally, when shift lever 91 is positioned at the 35 
low-speed position, switching valve 44 is always out of 
an energized state. Further, when position detecting 
switch 116 is turned on, that is, clutch pedal 111 is 
pressed to stroke range D3, dry type clutch switching 
valve 45 is energized so as to supply pressurized oil to 40 
hydraulic cylinder 81, thereby disengaging dry type 
clutch apparatus A. 

[0114] As illustrated in Figure 13, the full stroke 
range of clutch pedal 1 1 1 is divided into three stroke 
ranges D1, D2 and D3 depending on the degree of 45 
pressing as described hitherto. Stroke range D1 is 
defined as a range for engaging a main clutch. When 
pedal 1 1 1 being in range D1 , an ordinary driving trans- 
mission can be established by shift mechanism B 
wherein hydraulic pressure of one of low-speed and 50 
high-speed hydraulic clutches CL and CH is set to the 
specified pressure and pressurized oil is drained from 
the other one clutch. Also, the shifting between two 
speed stages of high and low (Hi-Lo switching) can be 
performed by exchanging engaging/disengaging 55 
between hydraulic clutches CL and CH. Stroke range 
D2, being defined as a range of inching, corresponds to 
the operation for generating inching so that low-speed 



hydraulic clutch CL is supplied with pressurized oil less 
than the specified pressure so as to be half -clutched. 
Stroke range D3, being defined as a range for disengag- 
ing a main clutch, corresponds to the operation for com- 
pletely draining pressurized oil from the hydraulic oil 
chambers of both hydraulic clutches CL and CH and 
disengaging dry type clutch A (disengaging the drag- 
protecting clutch apparatus). 

[01 1 5] It will be considered which pressing angle of 
clutch pedal 111 corresponds to each of divisions of 
stroke ranges D1, D2 and D3, based on the graphs of 
Figures 20 and 21. This graph illustrates a correlation 
between the engaging pressure of low-speed hydraulic 
clutch CL used as a clutch for inching (hydraulic pres- 
sure in its hydraulic oil chamber having the unit of 
kg/cm2, for example) and the rotational angle (degree) 
of clutch pedal 111, in which the way how to set stroke 
ranges D1, 02 and D3 is expressed. The rotational 
angle of clutch pedal 111, when being fully pressed, is 
defined as Oo. The angle is increased as pedal 111 is 
loosened so as to rise. The normal position (position for 
engaging the main clutch) of clutch pedal 111 to be 
completely released is set as the maximum angle of its 
rotation. 

[0116] The range for play of low-speed hydraulic 
clutch CL, that Is, the range of rotational angle (0 2 -) of 
clutch pedal 1 11 till the minimum of hydraulic oil pres- 
sure (engaging pressure) rises in the hydraulic oil 
chamber (the oil chamber ahead of piston 107 in 
hydraulic clutch casing 102) is defined as stroke range 
D3. Of course, at this time, actuator 108 of high-speed 
hydraulic clutch CH also plays, that is, at a state ante- 
cedent to a rise of the minimum hydraulic oil pressure 
thereof. Dry type clutch apparatus A is disengaged at 
the location of the pedal 111 pressed fully (O e in the 
angle of rotation in Figures 20 and 21 ) and is completely 
engaged before the rotational angle of clutch pedal 1 1 1 
is increased to reach the border with stroke range D2. In 
other words, dry type clutch A enters stroke range D2 
while being completely engaged. Therefore, dry type 
clutch apparatus A is half -clutched on the way from its 
disengaging state to its engaging state when both wet 
type clutches CL and CH play, whereby an undue fric- 
tion is not put on dry type clutch apparatus A in half- 
clutch operation so as to secure the durability of dry 
type clutch apparatus A. 

[0117] When any rotational angle of clutch pedal 
1 1 1 is set in stroke range D2, the engaging pressure of 
low-speed hydraulic clutch CL after the minimum 
thereof rises is determined in correspondence to the set 
rotational angle of pedal 1 1 1 because main clutch valve 
43 is a proportional valve which is throttled in corre- 
spondence to the rotational angle of pedal 1 1 1 as illus- 
trated in foregoing Figure 14 and the like. The value of 
engaging pressure is set so as to increase gradually in 
the first half and rapidly in the latter half as the rotational 
angle of pedal 1 1 1 is increased. In the period of engag- 
ing^pressure increasing from the minimum hydraulic 
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pressure to the specified pressure, low-speed hydraulic 
clutch CL is half-clutched so as to generate inching. 
[0118] The border between stroke ranges D3 and 
D2 is set to the rotational angle of clutch pedal 1 1 1 cor- 
responding to the rise of the minimum engaging pres- 
sure of low-speed hydraulic clutch CL as described 
above. On the other hand, the border between stroke 
ranges D2 and D1 is set, considering the case that shift 
lever 91 is positioned at the high-speed position. 
[0119] In the graph of Figure 20, pedal 1 1 1 comes 
to the border between stroke ranges D2 and D1 after 
the engaging pressure of low-speed hydraulic clutch CL 
reaches a specified pressure (maximum pressure). 
Accordingly, when starting with shift lever 91 positioned 
at the high speed-position, pedal 111 enters stroke 
range D1 from the engaging state of low-speed hydrau- 
lic clutch CL so that pressurized oil is drained from low- 
speed hydraulic clutch CL and supplied to high-speed 
hydraulic clutch CH, as if the shifting operation from a 
low speed stage to a high speed stage under the condi- 
tion of clutch on, and finally, the driving power train is set 
to the high speed stage. Therefore, low-speed hydraulic 
clutch CL with the large volume rises up to the specified 
pressure once, and then, it is half-clutched again due to 
an exchange of pressurized oil between both hydraulic 
clutches CL and CH, whereby fluctuations of hydraulic 
pressure becomes large. 

[0120] In Figure 21, the border between stroke 
ranges D2 and D1 is set at the end point of the first half 
of engaging pressure increasing period during which 
the engaging pressure of low-speed hydraulic clutch CL 
rises to the minimum and increases gradually. In other 
words, the object to be supplied with pressurized oil 
from shift control valve 42 is switched to high-speed 
hydraulic clutch CH before hereafter the engaging pres- 
sure of low-speed hydraulic clutch CL rises rapidly up to 
the specified pressure. When starting, after clutch pedal 
111 is shifted from stroke range D2 to stroke range D1 , 
pressurized oil is drained from low-speed hydraulic 
clutch CL, and simultaneously, supplied to high-speed 
hydraulic clutch CH. However, fluctuation of hydraulic 
pressure is little because the pressurized oil supplied to 
low-speed hydraulic clutch CL at the time of this shift of 
stroke is less. Therefore, transition from the state of 
half -clutch to the state that high-speed hydraulic clutch 
CH is engaged is smooth. However, in valve setting like 
Figure 21, a load on high-speed hydraulic clutch CH is 
more than that in Figure 20 when starting with shift lever 
91 positioned at the high-speed position. With regard to 
the setting to be selected from Figures 20 and 21, it is 
better to select the suitable one considering a valve 
str ucture and the like. 

[0121] Alternatively, hydraulic clutches CL and CH 
may be exchanged with ones which is engaged by bias- 
ing force and disengaged by being supplied with 
hydraulic pressure oil against the biasing force, contrary 
to the embodiment. In this case, engaging pressure of a 
hydraulic clutch corresponds to the biasing pressure 



against hydraulic oil pressure supplied thereto. There- 
fore, as the supplied hydraulic oil pressure increases, 
the engaging pressure of the clutch decrease. When 
using such configured hydraulic clutches for shifting, the 

5 above-mentioned shifting hydraulic oil circuit in hydrau- 
lic pressure control valve apparatus 83 is still applicable 
while the arrangement of valves such as main clutch 
valve 43, shift control valve 42, oil path switching valve 
44, slow return check valve 47 and the like is not 

70 changed basically but the inlet port and the outlet port of 
each valve is exchanged with each other, 
[0122] As described above, though the embodi- 
ment has been described using two hydraulic clutches 
as a sub-shift of two stages of high/low, the structure of 

15 a vehicle power train in accordance with the invention is 
applicable for a case using three or more hydraulic 
clutches to generate a shift with three or more stages. 
That is, it is preferred that any clutch with a large volume 
suitable for generating inching is selected among the 

20 plurality of hydraulic clutches so as to serve as a 
hydraulic clutch to be half-clutched during engaging/dis- 
engaging of a main clutch such as low-speed hydraulic 
clutch CL. In addition, the drag-preventing clutch appa- 
ratus to be pressed against a flywheel (dry type clutch 

25 apparatus A in the embodiment) may be provided with- 
out regard to the number of hydraulic clutches in a shift 
mechanism. 

[0123] While there have been described herein 
what are considered to be most preferred embodiments 
30 of the present invention, other modifications of the 
invention shall be thought of to those skilled in the art as 
far as it does not depart from the sprit of the invention. 
That is, the technical scope of the invention is limited by 
only the scope of the appended claims. 

35 

Industrial Field of the Invention 

[01 24] The present invention is applied to a vehicle, 
for example, a tractor or the like using a wet type clutch 
40 as a main clutch to engage/disengage a power train 
input from engine power and as a clutch for shifting. 

Claims 

45 1. A transmission system for a vehicle, characterized 
in that said transmission system includes a wet type 
clutch is provided as a main clutch which 
engages/disengages power transmission of a 
prime mover, and a drag-preventing clutch appara- 

50 tus (A) for preventing a drag located on the 
upstream side of said wet type clutch. 

2. The transmission system for a vehicle as set forth in 
claim 1 , characterized In that said drag-preventing 
55 clutch apparatus is disengaged and completes 
engaging while said wet type clutch plays till the 
minimum pressure of hydraulic fluid rises therein. 
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3. The transmission system for a vehicle as set forth in 
claim 1 or 2, characterized in that a multi-plate 
clutch is used as said wet type clutch. 

4. The transmission system for a vehicle as set forth in 
any of claims from 1 to 3, characterized in that a dry 
type single-plate clutch is used as said drag-pre- 
venting clutch apparatus. 

5. The transmission system for a vehicle as set forth in 
any of claims from 1 to 4, characterized in that said 
drag-preventing clutch apparatus, and said wet 
type clutch are contained in one housing (1) and an 
actuator (81) for actuating said drag-preventing 
clutch apparatus is located above said housing. 

6. The transmission system for a vehicle as set forth in 
claim 5, characterized in that said actuator for actu- 
ating said drag-preventing clutch apparatus is oper- 
ated hydraulically, and control means for 
supplying/draining hydraulic oil to/from said actua- 
tor is incorporated in a hydraulic control mechanism 
(83) for said wet type clutch. 

7. The transmission system for a vehicle as set forth in 
any of claims from 1 to 6, characterized in that said 
transmission system includes a shift mechanism 
(B) having a plurality of wet type clutches (CL and 
CH) for shifting among which one clutch is selec- 
tively engaged so as to establish one determined 
speed stage, and said plurality of wet type clutches 
for shifting are used also as a main clutch so that all 
of said wet type clutches are disengaged for cut off 
power transmission of said prime mover (5) to said 
power train. 

8. The transmission system for a vehicle as set forth in 
claim 7, characterized in that one among said plu- 
rality of wet type clutches is specified as a clutch for 
inching which is half -clutched during a transition 
period between a main-clutch-on state where all 
said wet type clutches are disengaged and a main- 
clutch-off state where one selected from said wet 
type clutches may be engaged. 

9. The transmission system for a vehicle as set forth in 
claim 8, characterized in that at least said clutch for 
inching CL is a multi-plate type clutch among said 
plurality of wet type clutches. 

10. The transmission system for a vehicle as set forth in 
claim 8 or 9, characterized in that main clutch oper- 
ation means 111 for switching transmission/isola- 
tion of power of a prime mover to/from said power 
train, respectively, is provided, and the full range of 
stroke of said main clutch operation means is 
divided into a main -clutch -on range (D1 ) where one 
of said wet type clutches is selected corresponding 



to a determined speed stage and engaged, an inch- 
ing range (D2) where said clutch (CL) for inching is 
half-clutched, and a main-clutch-off range (D3) 
where all said wet type clutches are disengaged, 
5 and said drag-preventing clutch apparatus is disen- 

gaged and completes engaging while said main 
clutch operation means is located in said main- 
clutch-off range. 

io 11. The transmission system for a vehicle as set forth in 
claim 10, characterized in that a border between 
said main-clutch-off range and said inching range is 
set to a stroke position of said main clutch operation 
means where the minimum engaging pressure 

15 required for said clutch for inching rises, and all said 

wet type clutches play till the minimum hydraulic 
fluid pressure rises in each of said wet type 
clutches while said main clutch operation means is 
located in said main -clutch-off range. 

20 

12. A transmission system for a vehicle, including a 
shift mechanism (B) having a plurality of wet type 
clutches (CL and CH) for shifting among which one 
clutch is selectively engaged to establish one deter- 
25 mined speed stage, characterized in that said 
power train is isolated from power transmission of a 
prime mover (5) by disengaging all said wet type 
clutches. 

30 13. The transmission system for a vehicle as set forth in 
claim 12, characterized in that one of said plurality 
of wet type clutches is specified as a clutch for inch- 
ing so as to be half-clutched during a transition 
period between a main-clutch-off state where all 

35 said wet type clutches are disengaged and a main- 
clutch-on state where one selected from said wet 
type clutches may be engaged. 

1 4. The transmission system for a vehicle as set forth in 
40 claim 13, characterized in that a wet type clutch 
(CL) having the largest volume among said plurality 
of wet type clutches is used as said clutch for inch- 
ing. 

45 15. The transmission system for a vehicle as set forth in 
claim 13 or 14, characterized in that a wet type 
clutch (CL) forming the lowest speed stage among 
said plurality of wet type clutches is used as said 
clutch for inching. 

50 

16. The transmission system for a vehicle as set forth in 
any of claims 13 to 15, characterized in that at least 
said clutch (CL) for inching is a multi-plate type 
clutch among said plurality of wet type clutches. 

55 

1 7. The transmission system for a vehicle as set forth in 
any of claims 13 to 16, characterized in that said 
transmission system includes main clutch operation 
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means (11 1) for switching transmission/isolation of 
power of said prime mover to/from said transmis- 
sion system, respectively, and the full range of 
stroke of said main clutch operation means is 
divided into a main-clutch -on range (D1) where one 
of said wet type clutches is selected corresponding 
to one determined speed stage and engaged, an 
inching range (D2) where said clutch (CL) for inch- 
ing is half-clutched, and a main-clutch -off range 
(D3) where all said wet type clutches are disen- 
gaged. 

18. The transmission system for a vehicle as set forth in 
claim 17, characterized in that clutch-engaging 
hydraulic pressure of said clutch for inching 
increases as a stroke displacement of said main 
clutch operation means within said inching range is 
varied from said main-clutch-off range toward said 
main-clutch-on range, and a border between said 
inching range and said main-clutch-on range is set 
to a stroke position where said clutch-engaging 
hydraulic pressure is less than the maximum 
hydraulic pressure. 

1 9. The transmission system for a vehicle as set forth in 
claim 17, characterized in that clutch-engaging 
hydraulic pressure of said clutch for inching 
increases as a stroke displacement of said main 
clutch operation means within said inching range is 
varied from said main-clutch-off range toward said 
main-clutch-on range, and a border between said 
inching range and said main-clutch-on range is set 
to a stroke position where said clutch-engaging 
hydraulic pressure reaches the maximum hydraulic 
pressure. 

20. The transmission system for a vehicle as set forth in 
any of claims 17 to 19, characterized in that said 
main-clutch -off range is set corresponding to a 
stroke range of said main clutch operation means 
where all said wet type clutches play till the mini- 
mum hydraulic fluid pressure rises in each of said 
wet type clutches. 

21 . The transmission system for a vehicle as set forth in 
any of claims 17 to 20, characterized in that said 
plurality of wet type clutches of said shift mecha- 
nism is engaged by being supplied with hydraulic oil 
and is disengaged by draining hydraulic oil, an oil 
path switching valve (44) serving as one of hydrau- 
lic pressure control devices for controlling flow 
course of hydraulic oil to each of said wet type 
clutches of said shift mechanism, and, if said one of 
said wet type clutches selected to be engaged cor- 
responding to one determined speed stage is not 
said clutch for inching and said main clutch opera- 
tion means is located at either said main-clutch-off 
range or said inching range, said oil path switching 



valve connects a supply path of hydraulic oil to said 
clutch for inching and connects a drain oil path to 
said wet type clutch essentially selected to be 
engaged. 

5 

22. The transmission system for a vehicle as set forth in 
claim 21, characterized in that said oil path switch- 
ing valve is made of an electromagnetic solenoid 
which is switched based on the detection of a posi- 
10 tion of shift operation means (91) for setting a 
speed stage of said shift mechanism and on the 
detection of a position of said main clutch operation 
means. 

is 23. A shift control mechanism of a transmission system 
for a vehicle power train, wherein said transmission 
system is provided with a shift mechanism (B) hav- 
ing a plurality of wet type clutches (CL and CH) for 
shifting among which one is selectively engaged so 

20 as to establish one determined speed stage and 
said shift control mechanism controls the flow of 
hydraulic oil for controlling engagement/disengage- 
ment of each of said wet type clutches, character- 
ized in that a throttling mechanism (47) is provided 

25 in oil paths which are connected with said respec- 
tive wet type clutches and allow hydraulic oil to flow 
therethrough when said respective wet type clutch 
are disengaged. 

30 24. A shift control mechanism of a transmission system 
for a vehicle power train, wherein said transmission 
system is provided with a shift mechanism (B) hav- 
ing a plurality of wet type clutches (CL and CH) for 
shifting among which one is selectively engaged so 

35 as to establish one determined speed stage and 
said shift control mechanism controls the flow of 
hydraulic oil for controlling engagement/disengage- 
ment of each of said wet type clutches, character- 
ized in that a delay relief valve (45) is provided to 

40 delay a hydraulic pressure rise in an oil path which 
communicate hydraulic oil to one of said wet type 
clutches selectively engaged after said one of wet 
type clutches is selected in place of another wet 
type clutch for shifting. 

45 
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